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Description 

[0001] The present invention relates to a process for 
the manufacture of hollow fibre sections for hollow f tore 
modules. s 
[0002] Hollow f tore modules are used in connection 
with exchange operations, separation operations and 
mixing operations. In exchange operations it is a ques- 
tion of both heat and mass exchange. In heat exchange 
heat is exchanged between two fluids of different tern- w 
perature. whereby the fluid having the lower tempera- 
ture obtains a higher temperature than the starting 
temperature. By mass exchange is in particular meant 
membrane processes, like dialysis (for instance an arti- 
ficial kidney), direct osmosis, gasgas-exchange and is 
gas-fluid exchange (for instance an oxygenator). In sep- 
aration processes particularly ultrafiltration, reverse 
osmosis and gas permeation is of interest. By mixing 
processes is for instance meant humidification and/or 
conditioning of air by admixing aqueous vapour thereto, so 
[0003] In the present description and claims the term 
"hollow fibre section" means the part of a hollow ffore 
module, which comprises the hollow fibres, said hollow 
fibres being for instance at the end provided with a plug- 
like means such that the fluid flowing around the fibres 2S 
stays within the module. 

[0004] By the term "fluid" is meant each liquid or gas- 
eous material with such sufficient flow properties that it 
may pass through a hollow fibre module. By liquid is 
also meant solutions and suspensions of solid. 30 
[0005] GB-A-2 091 125 discloses a process for the 
manufacture of a hollow fibre section, in which the indi- 
vidual hollow fibres are arranged in a predetermined 
pattern by means of at least two perforated plates, 
through the perforations of which the hollow fibres are 35 
guided. The perforated plates stay in the module and 
the hollow fibres are not connected with said perforated 
plates, and no casting has been done around the hollow 
fibres before these are cut. 

[0006] Japanese publication No. 62-1 60.108 relates to <o 
embedment of a hollow fibre bundle in a resin and sub- 
sequent cutting of the clamped part of the bundle. The 
publication does not relate to guiding of the mutual 
arrangement of the hollow fibres, whereby the mutual 
arrangement of the fibres is random, and the fibres will 45 
physically adjoin each other. 

[0007] Swedish published specification No. 397,638 
discloses a process for the manufacture of an apparatus 
for fraction in g, in which process fibres are arranged in 
one or more ducts in a core in such a way that the duct so 
or ducts are filled; the fibres are glued to the ends of the 
core, the hardened glue forming an end wall at each 
end of the core; the f fores are cut at the ends of the core 
and prior to or after the cutting of the f fores a mantle sur- 
rounding at least the duct or ducts are provided. This ss 
publication does not either relate to guiding of the 
mutual position of the hollow fibres, and the fibres wild 
be in physical contact with each other. 
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[0008] US-A-4 769 146 concerns a process for sepa- 
rating the hollow f fores of a transfer module by means of 
a spacing material. Once the spacing material has been 
inserted between the fibres, the ends of the ffores are 
grouted together at each end. The spacing material may 
later be leached out. 

[0009] US-A-3 697 635 describes a process for spac- 
ing the hollow fibres of a transfer module by means of 
spacers. With these spacers in position, the ends of the 
ffores are fixed into a casting layer. Should a second 
casting layer be required at the other end of the fibres, 
the module is rotated by 180°, and the casting proce- 
dure repeated. The undersides of the casting material 
may then be milled or smoothed so that the capillaries 
terminate flush with the casting wall and the spacers 
leached out. 

[001 0] The drawbacks of the prior art hollow fibres are 
among others that they are difficult to manufacture on a 
large scale in a simple way, i.e. with as few process 
steps as possible, where each individual step is carried 
out in a simple way. 

[001 1 ] It is the object of the present invention to pro- 
vide a process for the manufacture of a hollow fibre sec- 
tion tor a hollow fibre module, which process may be 
automatized in a simple way. in order to make the man- 
ufacture of hollow fibre sections a continuous process. It 
is furthermore the object to provide a process, in which 
the mutual position of the fibres can be controlled such 
that the individual hollow fibre has a predetermined 
position relative to the nearest adjacent hollow ffores. 
[001 2] It has turned out surprisingly that these objects 
can be met by a process tor the manufacture of hollow 
ffore modules, whereby a casting matrix comprising a 
horizontal perforated plate, in which a number of perfo- 
rations are arranged in a predetermined pattern and 
continuous hollow fibres are conveyed through the per- 
forations. 

a) a hardenaWe casting material is cast for the for- 
mation of a solid tube plate, 

b) the tube plate with the embedded continuous 
hollow fibres is raised in vertical direction to a 
desired distance from the perforated plate, 

c) the tube plate is cut in the horizontal plane to 
expose the hollow fibre ends, 

d) steps a, b, and c are repeated for the formation of 
a hollow fibre section. 

[0013] The perforated plate used in the process 
according to the invention is perforated such that the 
perforations are arranged in a predetermined pattern. 
This pattern may depend on the intended use and the 
design of the hollow ffore module. The perforations are 
preferably provided in a pattern such that these perfora- 
tions are spaced substantially constant relative to the 
nearest neighbouring perforations. The distance 
between the perforations may, measured from periph- 
ery to periphery of the perforations, be from 0.1 - 100 
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times the radius of the perforations, preferably from 1/2 

- 2 times the radius of the perforations. 

[0014] A small number of fbres is passed through 

each perforation, for instance less than 10 fbres per 

perforation, but preferably 1 hollow fibre is present per s 

perforation. 

(001 5] The hollow fibres may be of any material suita- 
ble for the object of the final hollow fibre module. For 
heat exchange (in heat exchangers) the material may 
for instance be metal, glass or some other material with to 
good heatconducting properties. For dialysis, ultrafilter- 
ing, reverse osmosis and gas separation the fibres may 
consist of polymeric materials (for instance cellulose 
acetate, polysulphone, polyamide, etc.) and ceramic 
materials. The materials used for the hollow fbres may is 
have a porous or non-porous structure, a prerequisite 
for mass exchange being, however, that the material 
used has a porous structure. 

[0016] The casting matrix used is, in addition to the 
horizontal perforated plate, constituted by a shoulder 20 
arranged to fit tightly around the perforated plate. The 
object of the shoulder is to prevent the cast mass in the 
casting matrix from flowing out of the matrix, and the 
height of the shoulder is therefore at least just as big as 
the thickness of the tube plate formed. 2s 
[001 7] The shape of the casting matrix may be any 
shape which is suitable for the intended use of the hol- 
low fbre section, and the shape may for instance 
describe a circle, an oval, or a polygon or any other 
appropriate geometrical shape. 30 
[0018] The hardenable casting mass used may be 
supplied to the casting matrix in any suitable way, but is 
preferably supplied to the casting matrix through inlets 
in the perforated plate. To facilitate the ability of the cast- 
ing mass to detach the casting matrix, a release agent 35 
may, if desired, be applied, for instance by suitable 
means likewise arranged in the perforated plate. 
[001 9] The casting mass used may be of any suitable 
type which is hardenable. The casting material may for 
instance be melted metal or a hardenable polymeric 40 
material. 

[0020] ft is of importance not to damage the fibres dur- 
ing the embedment thereof in a tube plate, for which 
reason care should be taken to prevent the casting 
mass used during processing from destroying the 45 
fibres, for instance by melting or dissolution thereof. 
[0021] The solid tube plate formed is cut horizontally, 
usually in such a way that the thickness of the tube plate 
is halved. This cutting may be performed in any suitable 
way, for instance by means of a saw or a hot wire, or the so 
tube plate may be cleft with an axelike tool. It is impor- 
tant to cut the tool plate such that substantially all hollow 
fibre ends are exposed to allow a fluid to pass freely and 
unimpededly through the fibres. 

[0022] When the hollow fibres are of a resilient mate- ss 
rial it may be advantageous to provide the hollow fbre 
section with supporting means during the manufactur- 
ing process to increase the mechanical strength of the 
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hollow fbre section. Such supporting means may for 
instance be a through-going rigid rod connected with 
the tube plates. 

[0023] In the manufacture of the hollow fibre section 
according to the invention it is intended to keep the 
fbres straight during the casting process, such that 
each fibre gets substantially the same length, whereby 
intimate physical contact between the fibres is avoided. 
This is an advantage, as in areas where the fibres are in 
physcial contact there will be no noticeable mass or 
heat transport between the fluid flowing around the 
fbres and the fluid flowing within the fibres. It is an 
object to prevent the fbres in the hollow fibre section 
according to the invention from mutual physical contact, 
in such a way that by use of the final module containing 
the hollow fibre section, a substantially unimpeded flow 
in a predetermined direction relative to the fibres is 
attained. The unimpeded flow in a predetermined direc- 
tion means that optimum exploitation of the used mem- 
brane area in a mass exchange module can be 
obtained. 

[0024] It is thus an advantage of the method according 
to the present invention that the hollow fibres may be 
produced such that the distance between a given fibre 
and the nearest neighbouring fibres is substantially con- 
stant, as it is thereby possible to attain a substantially 
uniform flow in a predetermined direction relative to all 
fbres. and consequently a uniform treatment of the fluid 
flow through different fbres and optimum exploitation of 
the whole membrane area used for a mass exchange 
module. The same view applies for heat exchange, as 
the whole contact area between the fluid to be heated 
and the fluid to be cooled, respectively, is utilized opti- 
mally. 

[0025] It should be noted that the casting if desired 
may take place simultaneously with the cutting of a pre- 
viously formed tube plate or that the casting of a new 
tube plate may take place prior to the cutting of the pre- 
ceding tube plate formed. 

[0026] The hollow fibre section manufactured by the 
process according to the invention is provided with a 
mantle fitting tightly to the periphery of the cut tube 
plates Formed, said mantle being provided with means 
for inlet and outlet of fluid. The ends are provided with 
end pieces with means for inlet and outlet, respectively, 
of fluid. To make the mantle fit tightly to the tube plates, 
it may be necessary to solder, weld or use glue to fasten 
the mantle to the tube plates. 

[0027] If desired, the mantle may be fastened to the 
tube plates as a part of the continuous process in the 
manufacture of hollow fbre modules. After the cutting of 
the tube plate, the hollow fibre section can be intro- 
duced into a cylinder with a clear corresponding to the 
tube plate and a length corresponding to that of the hol- 
low fbres. following which the tube plates may be fas- 
tened to the cylinder by soldering, welding or glueing. 
[0028] It may be advantageous to provide the hollow 
fbre module with interior flow-changing means to con- 
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trol the fluid flowing around the fibres in order to attain 
the desired flow pattern. 

[0029] Row-changing means may be provided in any 
desired way. for instance by 

5 

A) dividing the perforated plate in sections which 
are vertically displaceabie relative to each other in 
such a way that the cast plate gets the desired 
shape, and in such a way that both tube plate and 
flow-changing means may be cast around the 10 
fibres. When casting is made in part of the casting 
matrix it is delimited by the part of the shoulder, in 
which the section or the sections of the perforated 
plates are lowered relative to the remaining ones, 

by the vertical delimitations of the not lowered per- is 
forated plates against the lowered perforated plates 
and by the hollow fibres. When the casting mass is 
hardened, the flow-changing means is raised a pre- 
determined distance, following which it is possible 
to change the pattern of the sections of perforated 20 
plates and to form a new casting matrix, in which 
renewed casting may take place. After the casting 
of a desired number of flow-changing means, the 
casting of a complete tube plate is made. 

B) providing displaceabie or insertable shoulders in 25 
the perforated plate for the formation of restricted 
areas, in which individual casting may be per- 
formed. When the casting made thereby is raised a 
distance corresponding at least to the height of the 
casting, and the displaceabie shoulders are low- 30 
ered, whereas other shoulders are raised, and a 
new casting is performed, a flow-changing means 
wilt be provided with an extension corresponding to 

a part of the tube plate. 

C) embedding rigid plates into the tube plate, while 35 
still liquid. 

[0030] The invention will be explained in detail with 
reference to the drawing, in which 

40 

Fig. 1 is a sectional view through the casting matrix, 
in which the tube plate is cast. 
Fig. 2 shows the tube plate raised to a desired dis- 
tance from the perforated plate. 

Fig. 3 shows the tube plate cut into two parts, 4S 
Fig. 4 is a lateral sectional view of the final hollow 
fibre section, and 

Fig. 5 shows the final hollow fibre section from 
above. 

50 

[0031] Fig. 1 shows endless hollow fbres (1) passed 
through a number of perforations (2) in a horizontal per- 
forated plate (3). A shoulder (6) is mounted around the 
perforated plate, said shoulder having edges extending 
upwards relative to the perforated plate. The perforated ss 
plate (3) and the shoulder (6) constitute a casting 
matrix. A hardenable casting mass is introduced into the 
casting matrix. The hardened casting mass constitutes 
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a tube plate (4) enclosing the fibres. The casting mass 
has been introduced into the casting matrix by means 
not shown for inlet thereof. 

[0032] In Fig. 2 the tube plate with the embedded end- 
less hollow f bres has been raised vertically to a desired 
distance from the tube plate by means of a device not 
shown, which provides the necessary rise by pulling 
either the fibres or the tube plate. 
[0033] In Fig. 3 the tube plate is cut horizontally for the 
formation of two intersected tube plates (4a), the fibre 
ends being thereby exposed. By repeating the casting 
shown in Fig. 1, the rise shown in Rg. 2 and the cutting 
shown in Rg. 3, a fibre section (5) shown in Figs. 4 and 
5 is formed. Rg. 4 is a lateral view of the section is 
shown, and in Fig. 5 the section is seen from above. 
[0034] The hollow fibre section shown in Fig. 5 has 
seven f bres placed such that each individual fbre has a 
substantially constant distance to the nearest neigh- 
bouring fibres. It is apparent that the invention can be 
used in respect of an arbitrary number of fibres and an 
arbitrary mutual positioning of the fibres. 
[0035] If desired, several hollow fbre sections may be 
put together and surrounded by a common mantle for 
the formation of a final module containing several hollow 
fbre sections. 

[0036] The process according to the invention may be 
automatized in a simple way. the manufacture of the hol- 
low fibre sections being feasible quicWy and effectively 
in some few and simple steps without any time-consum- 
ing working operations. 

Claims 

1 . A process for the manufacture of hollow fibre sec- 
tions for hollow fibre modules, whereby a casting 
matrix comprising a shoulder (6) and a horizontal 
perforated plate (3). in which a number of perfora- 
tions (2) are arranged in a predetermined pattern 
and continuous hollow fibres (1) are conveyed 
through the perforations, 

a) a hardenable casting material is cast in the 
casting matrix for the formation of a solid tube 
plate (4), 

b) the tube plate with the embedded continu- 
ous hollow fibres is raised in vertical direction 
to a desired distance from the perforated plate. 

c) the tube plate is cut in the horizontal plane to 
expose the hollow fibre ends, 

d) steps a, b, and c are repeated for the forma- 
tion of a hollow fibre section (5). 

2. A process according to claim 1 , characterized in 
that each perforation is provided in the pattern such 
that the perforation is substantially constantly 
spaced from the nearest neighbouring perforations. 

3. A process according to claim 1, characterized in 
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that the spacing between the perforations, meas- 
ured from their peripheries, is from 0.1-100 times 
the radius of the perforations, preferably from 1/2-2 
times the radius of the perforations. 

5 

4. A process according to claim 1, characterized in 
that the casting matrix is constituted by the horizon- 
tal, perforated piate and a shoulder (6) around said 
perforated plate, the shoulder having edges extend- 
ing upwards relative to the perforated plate. 10 

5. A process according to claim 1, characterized in 
that the perforated plate is provided with means for 
supplying release agent and casting material. 

15 

6. A process according to claim 1, characterized in 
that flow-changing means are provided in the tube 
plate. 

7. A process according to claim 1, characterized in 20 
that the hollow fibre section is provided with sup- 
porting means connected with the tube plates (4a) 

to increase the mechanical strength of the hollow 
fibre section. 

25 

8. A process according to claim 7, wherein the sup- 
porting means is a through-going rigid rod. 

Patentanspruche 

30 

1. Verfahren zur Herstellung von Hohlfaserteilen fur 
Hohlfaser module, dadurch gekennzeichnet, dass 
in einer Gussmatrize, die aus eine Schulter (6) und 
ein horizontales, perforiertes mit einer Anzahl von 
Perforationen (2) in einem vorgewahrten Muster 35 
angeordnetes Blech (3) umfasst. kontinuierliche 
Hohlfasern (1) durch die erwahrrten Perforationen 
geleitet werden, 

a) im Hinblick auf Bildung einer festen Rohr- 40 
platte (4) in der Gussmatrize ein hartbares 
Gussmaterial gegossen wird, 

b) die Rohrplatte mit den eingebetteten konti- 
nuierlichen Hohlfasern bis zu einem erwunsch- 

ten Abstand von dem Blech vertikal gehoben 45 
wird. 

c) die Rohrplatte zum Freilegen der HohHaser- 
enden horizontal abgeschnitten wird, und 

d) die Stufen a. b und c zur Bildung eines Hohl- 
faserteils (5) wiederholt werden. so 

2. Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet. dass jede Perforation im Muster derart 
angebracht ist, dass der Abstand zu den unmrrtel- 
bar nachstliegenden Perforationen im wesentlichen 55 
konstant ist. 

3. Verfahren nach Anspruch 1. dadurch gekenn- 



zeichnet, dass der Abstand zwischen den Perfora- 
tionen von deren Percpherien gemessen 0.1-100 
mal den Radius der Perforationen, vorzugsweise 
V£-2 mal den Radius der Perforationen, ausmacht. 

4. Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet. dass die Gussmatrize aus dem horizon- 
talen Blech und einer das Blech umschliessenden 
Schulter (6) besteht, wobei sich die Schurterkanten 
gegenuber dem Blech nach oben erstrecken. 

5. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet. dass das Blech mit Mittein zur Einspei- 
sung des Trennmittels und Gussmaterials versehen 

ist. 

6. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Rohrplatte mrt Stromungsrich- 
tungsanderungsmitteln versehen ist. 

7. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass der Hohlfaserteil zur Erhohung des- 
sen mechanischen Starke mit den Rohrplatten (4a) 
verbundene Unterstutzungsmittel hat. 

8. Verfahren nach Anspruch 7, wobei das Unterstut- 
zungsmittel eine durchgehende rigide Stange ist. 

Revendications 

1. Precede pour fabriquer des faisceaux de fibres 
creuses pour des modules a fibres creuses, pro- 
cede selon lequel dans une matrice de moulage 
comportant une epaule (6) et une plaque horizon- 
tale perforee (3), dans laquelle un nombre de perfo- 
rations (2) sont disposees selon un reseau 
predetermine et des fibres creuses continues (1) 
sont transferees a travers les perforations. 

a) un materiau de moulage durcissabJe est 
moule dans la matrice de moulage pour former 
une plaque solide (4) a tubes. 

b) la plaque a tubes avec les fibres creuses 
continues enchassees est soulevee dans ie 
sens vertical jusqu'a une distance souhaitee de 
la plaque perforee, 

c) la plaque a tubes est coupee dans le plan 
horizontal afin dexposer les extremites des 
fibres creuses, 

d) les etapes a, b et c sont repetees pour la for- 
mation d'un faisceau (5) de fibres creuses. 

2. Procede selon la revendication 1 , caracterise en ce 
que chaque perforation est prevue de telle maniere 
dans le reseau que la perforation se trouve a espa- 
cement substantiellement constant des perfora- 
tions les plus proches. 
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3. Procede selon la revendication 1 , caracterise en ce 
que Pespacement entre les perforations, mesur6 a 
partir de leurs peripheries, va de 0,1 a 100 fois le 
rayon des perforations, de preference 1/2 a 2 fois le 
rayon des perforations. 5 

4. Procede selon la revendication 1 , caracterise en ce 
que la matrice de moulage est constitu6e par la pla- 
que horizontal perforee et par une epaule (6) 
autour de ladrte plaque, lepaule presentarrt des 10 
bords qui s'6tendent vers le haut par rapport a la 
plaque perforee. 

5. Procede selon la revendication 1 , caracterise en ce 
que ta plaque perforee est pourvue de moyens is 
dalimentation en agent de detachement et en 
mateViau de moulage. 

6. Procede selon la revendication 1 , caracterise en ce 
que des moyens de changement d ecoulement sont 20 
pr6vus dans la plaque a tubes. 

7. Procede selon la revendication 1 , caracterise en ce 
que le faisceau de fibres creuses est pourvu de 
moyens de support relies aux plaques a tubes (4a) 25 
af in d'accrottre la solidite m6canique du faisceau de 
fibres creuses. 

8. Procede selon la revendication 7, dans lequel les 
moyens de support sont constitute par une tige 30 
rigide traversante. 
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